Seven isolates of Candida stellatoidea were studied for their electrophoretic karyotype, virulence for mice, sensitivity to UV radiation, growth rate in vitro, reaction on cycloheximide-indicator medium, and proteinase activity. The isolates exhibited one of two distinct electrophoretic karyotypes as determined by orthogonal field alternating gel electrophoresis (OFAGE). Four isolates, including the type culture of C. stellatoidea, belonged to electrophoretic karyotype type I by OFAGE, showing eight to nine bands of which at least two bands were less than 1,000 kilobases in gize as estimated by comparison with the DNA bands of Saccharomyces cerevisiae. These isolates failed to produce fatal infection in mice within 20 days when 5 x 105 cells were injected intravenously. The yeasts were cleared from the kidneys of two of three mice tested by day 30. Type I showed proteinase activity on bovine serum albumin agar at pH 3.8 and produced a negative reaction on cycloheximide-bromcresol green medium within 48 h. The three grouped in type II by OFAGE showed banding patterns similar to those of a well-characterized isolate of Candida albicans. The isolates of type II had an electrophoretic karyotype of six to seven bands approximately 1,200 kilobases or greater in siie. All three type II isolates were highly virulent for mice, producing fatality curves similar to those of a previously studied C. albicans isolate.
Candida stellatoidea is presently treated as a synonym for Candida albicans (16) . The two yeasts are indistinguishable in morphology of yeast cells, germ tubes, and chlamydospores. The two yeasts share over 90% homology in their total DNA (15) and show similar carbon assimilation spectra except for sucrose. C. albicans assimilates sucrose, whereas the isolates of C. stellatoidea fail to utilize the sugar. They are both diploid organists (8, 23) and contain similar amounts of DNA (8). Molecular genetic studies have shown differences as well as similarities between the two species.
Mason et al. (12) showed that the flanking restriction sites of the highly conserved actin gene were identical in the two species and different from other medically important Candida species. Magee and co-workers showed that the karyotypes determined by orthogonal field alternation gel electrophoresis (OFAGE) and the restriction fragment patterns of ribosomal DNA are distinguishable between the two species (9, 10) .
One of the reasons earlier workers considered C. stellatoidea a separate species (5, 11) was the difference in the pathogenicity of the two species. Martin et al. (11) observed that the yeast cells of C. stellatoidea failed to produce any evidence of infection in rabbits, while isolates of C. albicans produced fatal infection with an equivalent dose. The reports on virulence of C. stellatoidea for mice are mixed; while most isolates of C. stellatoidea show lower virulence than C. albicans, some isolates of C. stellatoidea were more virulent tha-n the low-virulence isolates of C. albicans (5) .
We report, in this paper, the occurrence of two distinct types of C. stellatoidea which are separable by their electrophoretic karyotypes. The karyotypes were associated * Corresponding author.
with differences in virulence for mice, sensitivity to UV light, growth rate in vitro, and proteinase activity on bovine serum albumin (BSA) agar at pH 3.8. Merz et al. (14) of the embedded agarose procedure of Schwartz and Cantor (20) . OFAGE was performed as described by Carle and Olson (2) . The circulating buffer was 0.5 x TBE (44 mM Tris, 44 mM boric acid, 2 mM EDTA, pH 8.3) maintained at 10°C, and electrophoresis was carried out using 1.0% agarose in 0.5x TBE with 5-min alternating pulses of 120 V for 48 h. Gels were stained with ethidium bromide (1 ,ug/ml in distilled water) for 10 to 15 min and destained for 30 min to 1 h in water. Saccharomyces cerevisiae YP-49 (courtesy of Philip Hieter) and C. albicans B-4201 (strain C9 in reference 7) were used as standards.
MATERIALS AND METHODS
Determination of virulence. The yeast cells from 48-h malt extract agar cultures were suspended in sterile saline, and serial dilutions were prepared. Dilutions containing 2.5 x 106 cells per ml, as determined by hemacytometer and plate count, were used as inocula. Ten female general-purpose white mice, each weighing 20 to 24 g, were used for each isolate. Mice were injected with 0.2 ml of inoculum (5 x 105 cells) into the lateral tail vein and observed for up to 20 days to determine survival rates. The CFU in the kidneys were counted according to the method previously described (7) .
UV irradiation. The cell suspensions prepared from 48-h cultures on malt extract agar were diluted, counted by hemacytometer, and plated on malt extract agar plates (150 to 250 cells per plate) immediately. Seeded plates were irradiated for 5, 10, 15, 20, and 25 s with a Sylvania germicidal lamp (type G, 30T8). The dose rate at the agar surface was 32 ergs/mm2 per s as measured with an intensity meter (model J225; Ultraviolet Products Inc., San Gabriel, Calif.). The plates were incubated at 30°C for 48 h before colonies were counted. Percent survival for each isolate was computed, and UV doses (based on exposure time) required for 50% death (UV LD50s) were compared using least-square analysis. Statistical significance for the difference in the UV sensitivity between two subtypes was analyzed by Student t test.
Cycloheximide indicator medium. Salkin developed a cycloheximide-containing diagnostic medium for the differentiation of C. stellatoidea from C. albicans (19) . The medium contained 100 mg of cycloheximide and 28 ml of 0.08% bromcresol green (indicator) per liter of modified Sabouraud agar (3). The control plates used were the same except that the cycloheximide was omitted. Cell suspensions of the seven C. stellatoidea isolates and one C. albicans strain (B-4201) were prepared and plated on the medium by the method of Salkin (19) and incubated at 30°C for 48 h. In another series, the cell suspensions were diluted to contain 1 X 103 to 2 x 103 cells per ml. Samples of 0.1 ml were plated on the medium and incubated for 48 h at 30°C.
Determination of growth rate. Growth rates of the isolates in YEPD broth at 30°C were determined according to the method described previously (7) . Cells collected from 48-h malt agar slants were transferred into 10 ml of YEPD broth and incubated for 15 h on a shaker (200 rpm). At the end of 15 h of incubation, 150 ,ul of the culture was transferred into fresh medium (100 ml) and absorbancy at 600 nm (Gilford 2600 spectrophotometer) was measured at 1-h intervals. The initial optical density was approximately 0.05.
Detection of proteinase activity. A small loopful of yeast cells from 48-h YEPD agar cultures was patched onto bovine hemoglobin agar at pH 5.5 (7) and BSA agar at pH 3.8 (17) . The plates were incubated at 30 or 37°C for 1 week. 6) , and B-4405 (lane 7), had no more than six to seven resolved bands. These isolates were designated as type II C. stellatoidea.
The comparison of bands in type I isolates with those of C. albicans and S. cerevisiae is presented in Fig. 2 . There were eight discernible bands in C. albicans (lane 1). Since C. albicans is a diploid yeast which has been reported to have six chromosomes (22) , the homologs of two small chromosomes appeared to have been resolved to show eight bands. Although isolate B-4406 (Fig. 2, lane 3) showed an extra band with very low intensity, the migration pattern of the bands in the four type I isolates were nearly identical. In all four isolates, there were at least two bands less than 1,000 kilobases in size as estimated by comparison with the bands of S. cerevisiae (Fig. 2, lane 6 ). Banding patterns of type II isolates were compared with those of C. albicans (Fig. 3 , lane 1) and S. cerevisiae (Fig. 3, lane 5) . The number and migration patterns of the DNA bands from the three type II isolates (Fig. 3 Reaction on cycloheximide indicator medium. Yeast cells of type II and C. albicans B-4201 grew well on cycloheximidebromcresol green agar medium, and the medium turned yellow in color within 48 h. The isolates of type I, however, showed only pinpoint-size colonies, and the medium remained greenish blue during the same period (Fig. 6) . The same results were obtained on the indicator medium without cycloheximide. These results indicate that growth rate and not cycloheximide is responsible for the differentiation of the two types.
Sensitivity to UV radiation. A comparison of the survival rates of post-UV-irradiated cells showed a significant difference in sensitivity to UV irradiation between type I and type II cultures (Table 1 ). Figure 7 shows the mean survival curve of the two types. In both types, there were initial shoulders followed by exponential death rate, and the initial shoulder was more pronounced in type II than in type I. The mean UV LD50 for type I isolates was 9.3 s (297.6 erg/mm2) versus 15.2 s (486.4 erg/mm2) for type II isolates. Statistical analysis by Student t test showed that the sensitivity to UV irradiation was significantly different (P < 0.01) between the two types.
Proteinase. The colonies of type I isolates produced clear halos on BSA agar (Fig. 8) (11) . They described the yeast as a species distinct from C. albicans on the basis of its inability to assimilate sucrose and its stellate colony morphology on blood agar (11 One of the prevailing notions is that C. stellatoidea is generally less virulent than C. albicans (3). This belief is due to the fact that C. stellatoidea has been mainly reported from colonization of vaginal tracts (6, 13) rather than disseminated systemic disease, and that experimental infection in rabbits and mice showed lower virulence than C. albicans. Martin et al. (11) found that all six isolates of C. albicans they tested produced fatal infection with kidney lesions in rabbits in 4 to 5 days. Three strains of C. stellatoidea in equivalent doses, however, did not cause death in any of the rabbits, and no lesions were found in an animal which was killed for examination on day 7 (11) . The study by Hasenclever and Mitchell (5) 
